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©  Address  translation  control  system. 
  The  system  comprises  an  address  translation  buffer  (1) 
has  entries  each  including  a  valid  flag  (V),  a  logical  address 
field  (LOG  ADD),  and  a  physical  address  field  (PHY  ADD),  a 
memory  array  (10)  having  copies  of  the  valid  flag  and  the 
physical  address  field,  and  a  purge  register  (7)  for  storing 
information  showing  a  portion  of  the  contents  of  the  address 
translation  buffer  to  partially  purge  the  latter.  In  case  of  no 
coincidence  between  the  physical  address  of  the  address 
translation  buffer  (1)  and  the  contents  of  the  purge  register 
(7),  the  ordinary  access  processing  can  be  carried  out,  and 
when  the  entry  of  the  memory  array  (10)  is  accessed  in  turn 
and  the  coincidence  between  the  physical  address  in  the 
memory  array  and  the  contents  of  the  purge  register  occurs, 
the  partial  purge  is  performed  by  clearing  the  valid  flags  of 
the  corresponding  entries  of  the  address  translation  buffer 
(1)  and  the  memory  array.  Thus,  the  partial  purge  processing 
can  be  carried  out  separately  from  the  ordinary  access 
processing,  and  the  parformance  efficiency,  particularly  for 
the  application  of  this  invention  to  a  pipeline  system  or  a 
virtual  machine,  can  be  increased. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  a d d r e s s  

t r a n s l a t i o n   c o n t r o l   s y s t e m ,   more   p a r t i c u l a r l y   to   a n  

a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   w h i c h ,   in  a d d i t i o n   t o  

an  a d d r e s s   t r a n s l a t i o n   b u f f e r   p e r f o r m i n g   a  h i g h   s p e e d  

t r a n s l a t i o n   f rom  a  l o g i c a l   a d d r e s s   t o   a  p h y s i c a l   a d d r e s s ,  

c o m p r i s e s   a  memory  a r r a y   c o p i e d   f r o m   a  p o r t i o n   of  t h e  

c o n t e n t s   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r ,   and  in  w h i c h  

a  p a r t i a l   p u r g e   in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   i s  

p e r f o r m e d   by  s e a r c h i n g   t he   memory  a r r a y .  
2.  D e s c r i p t i o n   of  t h e   R e l a t e d   A r t  

In  a  d a t a   p r o c e s s i n g   s y s t e m   u s i n g   a  v i r t u a l  

s t o r a g e   m e t h o d ,   t h e   t r a n s l a t i o n   f r o m   a  l o g i c a l   a d d r e s s  

to   a  p h y s i c a l   a d d r e s s   a t   a  h i g h   s p e e d   i s   p e r f o r m e d   by  a n  

a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   w h e r e i n   a d d r e s s   t r a n s -  

l a t e d   p a i r s   of  l o g i c a l   a d d r e s s e s   and   p h y s i c a l   a d d r e s s e s  

a r e   r e g i s t e r e d   in  a  TLB  ( T r a n s l a t i o n   L o o k a s i d e   B u f f e r ) ,  

i . e . ,   an  a d d r e s s   t r a n s l a t i o n   b u f f e r ,   and  a  h i g h   s p e e d  

a d d r e s s   t r a n s l a t i o n   i s   p e r f o r m e d   b y - a c c e s s i n g   t h e  

a d d r e s s   t r a n s l a t i o n   b u f f e r .  

The  a d d r e s s   t r a n s l a t i o n   b u f f e r   c o m p r i s e s   a  

p r i m a r y   b l o c k   and  an  a l t e r n a t e   b l o c k ,   w h e r e i n   each   b l o c k  

has   a  p l u r a l i t y   of  e n t r i e s .   Each   e n t r y   c o m p r i s e s   a  

v a l i d   f l a g   s h o w i n g   t h e   v a l i d i t y   of   t h e   e n t r y ,   a  m u l t i p l e  

v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   f i e l d   i d e n t i f y i n g   a  

m u l t i p l e   v i r t u a l   s t o r a g e   s p a c e ,   a  l o g i c a l   a d d r e s s   f i e l d ,  

a  p h y s i c a l   a d d r e s s   f i e l d ,   and  a  s t o r a g e   p r o t e c t i o n   k e y  
f i e l d .  

In  a  c o n v e n t i o n a l   a d d r e s s   t r a n s l a t i o n   c o n t r o l  

s y s t e m   h a v i n g   such   an  a d d r e s s   t r a n s l a t i o n   b u f f e r ,   f o r   a n  

o r d i n a r y   command  f e t c h   or  o p e r a n d   a c c e s s ,   t h e   a b o v e - m e n -  

t i o n e d   a d d r e s s   t r a n s l a t i o n   b u f f e r   i s   a c c e s s e d   by  a p p l y i n g  

a  p o r t i o n   of  t he   l o g i c a l   a d d r e s s   to   be  t r a n s l a t e d ,   i . e . ,  

a c c e s s   a d d r e s s   f rom  an  e f f e c t i v e   a d d r e s s   r e g i s t e r .   By  



t h i s   a c c e s s i n g ,   t h e   e n t i r e   c o n t e n t s   of  t h e   a c c e s s e d   e n t r y  

m e m o r i z e d   in  t h e   p r i m a r y   b l o c k   and  t h e   a l t e r n a t e   b l o c k  

in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   a r e   r e a d .   A  m u l t i p l e  

v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   and  t h e   p a r t i a l   l o g i c a l  

a d d r e s s   w h i c h   a r e   r e a d   f rom  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   a r e   c o m p a r e d   w i t h   a  m u l t i p l e   v i r t u a l   s t o r a g e  

i d e n t i f i c a t i o n   f rom  a  m u l t i p l e   v i r t u a l   s t o r a g e   i d e n t i -  

f i c a t i o n   r e g i s t e r   and  a n o t h e r   p o r t i o n   of  t h e   l o g i c a l  

a d d r e s s   f rom  t h e   e f f e c t i v e   a d d r e s s   r e g i s t e r ,   r e s p e c -  

t i v e l y .   I f   t h e   i d e n t i f i c a t i o n s   of  t h e   c o m p a r i n g   c o n t e n t s  

a r e   o b t a i n e d ,   t h e   p h y s i c a l   a d d r e s s   in  t h e   e n t r y   i s   s e n t  

to   a  r e a l   a d d r e s s   r e g i s t e r   as  a  p h y s i c a l   a d d r e s s   c o r r e -  

s p o n d i n g   to   a  l o g i c a l   a d d r e s s   in  t h e   e f f e c t i v e   a d d r e s s  

r e g i s t e r .  

In  a  v i r t u a l   s t o r a g e   s y s t e m ,   s i n c e   t h e   l o g i c a l  

a d d r e s s   c o v e r s   a  w i d e r   r a n g e   t h a n   t h e   u t i l i z a b l e   p h y s i c a l  

a d d r e s s ,   a  p h y s i c a l   a d d r e s s ,   in  t u r n ,   i s   a l l o c a t e d   t o  

a n o t h e r   l o g i c a l   a d d r e s s   when  t h e   p h y s i c a l   a d d r e s s  

b e c o m e s   n o n - u t i l i z a b l e .   At  t h a t   t i m e ,   i f   a  t r a n s l a t i o n  

t a b l e   in   a  m a i n   s t o r a g e   u n i t   i s   r e n e w e d ,   s i n c e   p a i r s   o f  

l o g i c a l   a d d r e s s e s   and  p h y s i c a l   a d d r e s s e s   t r a n s l a t e d  

b e f o r e   t h e   r e n e w a l   may  r e m a i n   in  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r ,   t h e   p a i r s   m u s t   be  s e a r c h e d   f o r   and  t h e n   p u r g e d .  

For   t h i s   r e a s o n ,   in  a  c o n v e n t i o n a l   a d d r e s s   t r a n s l a t i o n  

c o n t r o l   s y s t e m ,   a  p a r t i a l   p u r g e   m e t h o d   w h e r e i n   e a c h  

e n t r y   in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   i s   s e a r c h e d   f o r  

a  p h y s i c a l   a d d r e s s ,   i s   f r e q u e n t l y   u s e d .   A c c o r d i n g   t o  

t h i s   m e t h o d ,   when  a  p h y s i c a l   a d d r e s s   to   be  p u r g e d   i s  

a p p l i e d   to   a  p u r g e   r e g i s t e r ,   t h e   a c c e s s   a d d r e s s   in  t h e  

e f f e c t i v e   a d d r e s s   r e g i s t e r   i s   s e q u e n t i a l l y   i n c r e a s e d ,   a n  

e n t r y   in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   i s   s e q u e n t i a l l y  

r e a d ,   t h e   p h y s i c a l   a d d r e s s   in  t h e   p u r g e   r e g i s t e r   i s  

c o m p a r e d   w i t h   t h e   p h y s i c a l   a d d r e s s   in  t h e   a d d r e s s  

t r a n s l a t i o n   b u f f e r ,   and  i f   t he   a d d r e s s e s   a r e   i d e n t i c a l ,  

a  v a l i d   f l a g   of  t h e   e n t r y   i s   made  i n v a l i d .  

In  s u c h   a  c o n v e n t i o n a l   a d d r e s s   t r a n s l a t i o n  

c o n t r o l   s y s t e m ,   when  t h e   p a r t i a l   p u r g e   i s   c a r r i e d   o u t ,  



s i n c e   a l l   t h e   c o n t e n t s   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r  

mus t   be  r e a d   o u t ,   t h e r e   i s   a  d e f e c t   in  t h a t   t h e   a d d r e s s  

t r a n s l a t i o n   b u f f e r   c a n n o t   be  u s e d   a t   an  o r d i n a r y   c o m m a n d  

f e t c h   or  o p e r a n d   a c c e s s .  

The  a b o v e   d e f e c t   in  t h e   c o n v e n t i o n a l   a d d r e s s  

t r a n s l a t i o n   c o n t r o l   s y s t e m   c a u s e s   a  d e c r e a s e   in   t h e  

o p e r a t i n g   e f f i c i e n c y   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r ,  

and  in  p a r t i c u l a r   a  c o n s i d e r a b l e   r e d u c t i o n   in  t h e  

p e r f o r m a n c e   when  u s i n g   t h e   p i p e l i n e   m e t h o d .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e   a n  

a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   w h e r e i n   a  p a r t i a l  

p u r g e   of  an  a d d r e s s   t r a n s l a t i o n   b u f f e r   can  be  p r o c e s s e d  

s e p a r a t e l y   f rom  an  o r d i n a r y   command  f e t c h   or  o p e r a n d  

a c c e s s ,   t h u s   a l l o w i n g   no  d e c r e a s e   in   t h e   o p e r a t i n g  

e f f i c i e n c y   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r ,   a n d  

a c h i e v i n g   a  h i g h   p e r f o r m a n c e   when  u s i n g   t h e   p i p e l i n e  

m e t h o d .  

A c c o r d i n g   to   an  a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n  

t h e r e   i s   p r o v i d e d   an  a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m  

c o m p r i s i n g   an  a d d r e s s   t r a n s l a t i o n   b u f f e r   h a v i n g   a  

p l u r a l i t y   of  e n t r i e s   e a c h   i n c l u d i n g   a t   l e a s t   a  v a l i d  

f l a g ,   a  l o g i c a l   a d d r e s s   f i e l d ,   and  a  p h y s i c a l   a d d r e s s  

f i e l d ;   a  memory  a r r a y   h a v i n g   c o p i e s   of  a t   l e a s t   t h e   v a l i d  

f l a g   and  t h e   p h y s i c a l   a d d r e s s   f i e l d   in  t h e   c o n t e n t s   o f  

t he   a d d r e s s   t r a n s l a t i o n   b u f f e r ;   a  p u r g e   r e g i s t e r   f o r  

s t o r i n g   i n f o r m a t i o n   s h o w i n g   a  p o r t i o n   of  t he   c o n t e n t s   o f  

t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r ,   t o   p a r t i a l l y   p u r g e   t h e  

a d d r e s s   t r a n s l a t i o n   b u f f e r ;   a  f i r s t   c o m p a r a t o r   means   f o r  

c o m p a r i n g   t h e   p o r t i o n   of  t h e   c o n t e n t s   of   t h e   a d d r e s s  

t r a n s l a t i o n   b u f f e r   w i t h   t h e   c o n t e n t s   of  t h e   p u r g e  

r e g i s t e r ;   and  a  s e c o n d   c o m p a r a t o r   means   f o r   c o m p a r i n g  

t h e   p o r t i o n   of   t h e   c o n t e n t s   of  t h e   memory  a r r a y   w i t h   t h e  

c o n t e n t s   of  t h e   p u r g e   r e g i s t e r ;   w h e r e i n   when  t h e   t w o  

a p p l i e d   c o n t e n t s   do  n o t   c o i n c i d e   a t   t h e   f i r s t   c o m p a r a t o r  

m e a n s ,   an  o r d i n a r y   a c c e s s   f o r   t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   i s   p r o c e s s e d ;   and  when  t h e   e n t r y   of  t h e   m e m o r y  



a r r a y   i s   a c c e s s e d   in  t u r n   and  t h e   two  a p p l i e d   c o n t e n t s  

c o i n c i d e   in  t h e   s e c o n d   c o m p a r a t o r   m e a n s ,   t h e   p a r t i a l  

p u r g e   i s   p e r f o r m e d   by  c l e a r i n g   t he   v a l i d   f l a g s   of  t h e  

c o r r e s p o n d i n g   e n t r i e s   of   t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r  

and  t h e   memory  a r r a y .  

A c c o r d i n g   to   a n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

t h e r e   i s   p r o v i d e d   an  a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m  

c o m p r i s i n g   an  a d d r e s s   t r a n s l a t i o n   b u f f e r   h a v i n g   a  

p l u r a l i t y   of  e n t r i e s   e a c h   i n c l u d i n g   a t   l e a s t   a  v a l i d  

f l a g ,   a  l o g i c a l   a d d r e s s   f i e l d ,   a  p h y s i c a l   a d d r e s s   f i e l d ,  

and  a  v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   f i e l d ;   a  m e m o r y  

a r r a y   h a v i n g   c o p i e s   of  a t   l e a s t   t h e   v a l i d   f l a g ,   t h e  

p h y s i c a l   a d d r e s s   f i e l d ,   and  t h e   v i r t u a l   m a c h i n e   i d e n t i f i -  

c a t i o n   f i e l d   in  t h e   c o n t e n t s   of  t he   a d d r e s s   t r a n s l a t i o n  

b u f f e r ;   a  p u r g e   r e g i s t e r   f o r   s t o r i n g   i n f o r m a t i o n   s h o w i n g  

a  p o r t i o n   of   t h e   c o n t e n t s   of   t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r ,   to   p a r t i a l l y   p u r g e   t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r ;   a  f i r s t   c o m p a r a t o r   means   f o r   c o m p a r i n g   t h e  

p a r t i a l   c o n t e n t s   in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   w i t h  

t h e   c o n t e n t s   of  t h e   p u r g e   r e g i s t e r ;   a  s e c o n d   c o m p a r a t o r  

means   f o r   c o m p a r i n g   t h e   p a r t i a l   c o n t e n t s   in   t h e   m e m o r y  

a r r a y   w i t h   t h e   p u r g e   r e g i s t e r ;   a  p u r g e   v i r t u a l   m a c h i n e  

i d e n t i f i c a t i o n   r e g i s t e r   f o r   s t o r i n g   a  v i r t u a l   m a c h i n e  

i d e n t i f i c a t i o n   to   be  p u r g e d ;   a  t h i r d   c o m p a r a t o r   m e a n s  

f o r   c o m p a r i n g   t h e   c o n t e n t s   of  t h e   v i r t u a l   m a c h i n e   i d e n t i -  

f i c a t i o n   f i e l d   in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   w i t h  

t h e   c o n t e n t s   of  t h e   p u r g e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n  

r e g i s t e r ;   and  a  f o u r t h   c o m p a r a t o r   means   f o r   c o m p a r i n g  

t h e   c o n t e n t s   of  t h e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   f i e l d  

in  t h e   memory  a r r a y   w i t h   t h e   c o n t e n t s   of  t h e   p u r g e  
v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   r e g i s t e r ;   w h e r e i n   w h e n  

t h e   c o i n c i d e n c e   in  t h e   f i r s t   c o m p a r a t o r   means   and  t h e  

c o i n c i d e n c e   in  t h e   t h i r d   c o m p a r a t o r   means   d o e s   n o t  

o c c u r ,   o r d i n a r y   a c c e s s   f o r   t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   i s   p r o c e s s e d ;   and   when  t h e   e n t r y   of   t h e   m e m o r y  

a r r a y   i s   a c c e s s e d   in  t u r n   and  t h e   c o i n c i d e n c e   in  t h e  

s e c o n d   c o m p a r a t o r   m e a n s   and  t h e   c o i n c i d e n c e   in  t h e  



f o u r t h   c o m p a r a t o r   means   o c c u r s ,   t h e   p a r t i a l   p u r g e   i s  

p e r f o r m e d   by  c l e a r i n g   t h e   v a l i d   f l a g s   of  t h e   c o r r e -  

s p o n d i n g   e n t r y   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   and  t h e  

memory  a r r a y .  
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  b l o c k   c i r c u i t   d i a g r a m   s h o w i n g   a  

c o n v e n t i o n a l   a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m ;  

F i g .   2  i s   a  b l o c k   c i r c u i t   d i a g r a m   s h o w i n g   a n  

a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   a c c o r d i n g   to   a  f i r s t  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g .   3  i s   a  b l o c k   c i r c u i t   d i a g r a m   s h o w i n g   a n  

a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   a c c o r d i n g   to   a  s e c o n d  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

P r i o r   to   t he   e x p l a n a t i o n   of   t h e   e m b o d i m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  c o n v e n t i o n a l   a d d r e s s   t r a n s l a t i o n  

c o n t r o l   s y s t e m   i s   e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   1,  t o  

s u p p l e m e n t   t h e   a b o v e - m e n t i o n e d   p r i o r   a r t   d e s c r i p t i o n   a n d  

as  a  c o m p a r i s o n   w i t h   t h e   e m b o d i m e n t s   of   t h e   p r e s e n t  

i n v e n t i o n .  

In  t h e   s y s t e m   in  F i g .   1,  f o r   an  o r d i n a r y   c o m m a n d  

f e t c h   or   o p e r a n d   a c c e s s ,   t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r  

1  i s   a c c e s s e d   by  a p p l y i n g   a  p o r t i o n   of   t h e   l o g i c a l  

a d d r e s s   to   be  t r a n s l a t e d ,   i . e . ,   an  a c c e s s   a d d r e s s   f r o m  

an  e f f e c t i v e   a d d r e s s   r e g i s t e r   2.  By  t h i s   a c c e s s i n g ,   t h e  

e n t i r e   c o n t e n t s   of  t h e   a c c e s s e d   e n t r y   m e m o r i z e d   in  t h e  

p r i m a r y   b l o c k   (PRIM)  21  and  t h e   a l t e r n a t e   b l o c k   (ALT)  22  

in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  a r e   r e a d .   A  m u l t i p l e  

v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   and  a  p a r t i a l   l o g i c a l  

a d d r e s s   in  e a c h   e n t r y ,   r e a d   f rom  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1  a r e   c o m p a r e d   w i t h   a  m u l t i p l e   v i r t u a l   s t o r a g e  
i d e n t i f i c a t i o n   f rom  a  m u l t i p l e   v i r t u a l   s t o r a g e   i d e n t i f i -  

c a t i o n   r e g i s t e r   4  and  a  c o r r e s p o n d i n g   p a r t i a l   l o g i c a l  

a d d r e s s   f rom  t h e   e f f e c t i v e   a d d r e s s   r e g i s t e r   2,  r e s p e c -  
t i v e l y ,   a t   t h e   c o m p a r a t o r   3  f o r   t h e   p r i m a r y   b l o c k   21  a n d  

a t   t h e   c o m p a r a t o r   3'  f o r   t h e   a l t e r n a t e   b l o c k   22.  I f   t h e  

i d e n t i f i c a t i o n s   of  t h e   c o m p a r i n g   c o n t e n t s   a r e   o b t a i n e d ,  



t h e   p h y s i c a l   a d d r e s s   in  t he   e n t r y   i s   s e n t   to  a  r e a l  

a d d r e s s   r e g i s t e r   5  as  a  p h y s i c a l   a d d r e s s   c o r r e s p o n d i n g  

to   a  l o g i c a l   a d d r e s s   in  t he   e f f e c t i v e   a d d r e s s   r e g i s t e r   2 .  

When  t h e   l o g i c a l   a d d r e s s   f r o m   t h e   e f f e c t i v e   a d d r e s s  

r e g i s t e r   2  i s   n o t   s t o r e d   in  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1,  t h e   p h y s i c a l   a d d r e s s   i s   o b t a i n e d   by  t h e  

a d d r e s s   t r a n s l a t i o n   means   u s i n g   a  t r a n s l a t i o n   t a b l e   in  a  

m a i n   s t o r a g e   u n i t .   The  o b t a i n e d   p h y s i c a l   a d d r e s s   i s  

s e n t   to   a  r e g i s t r a t i o n   r e g i s t e r   6  and   r e g i s t e r e d   in  t h e  

a d d r e s s   t r a n s l a t i o n   b u f f e r   1  w i t h   a  p o r t i o n   of  t h e  

l o g i c a l   a d d r e s s   and  t h e   l i k e .  

In  a  v i r t u a l   s t o r a g e   s y s t e m ,   s i n c e   t h e   l o g i c a l  

a d d r e s s   c o v e r s   a  w i d e r   r a n g e   t h a n   t h e   u t i l i z a b l e   p h y s i c a l  

a d d r e s s ,   a  p h y s i c a l   a d d r e s s ,   in  t u r n ,   i s   a l l o c a t e d   t o  

a n o t h e r   l o g i c a l   a d d r e s s   when  t h e   p h y s i c a l   a d d r e s s  

b e c o m e s   n o n - u t i l i z a b l e .   At  t h a t   t i m e ,   i f   a  t r a n s l a t i o n  

t a b l e   in  a  m a i n   s t o r a g e   u n i t   i s   r e n e w e d ,   s i n c e   p a i r s   o f  

l o g i c a l   a d d r e s s e s   and  p h y s i c a l   a d d r e s s e s   t r a n s l a t e d  

b e f o r e   t h e   r e n e w a l   may  r e m a i n   in   t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1,  t h e   p a i r s   m u s t   be  s e a r c h e d   f o r   and  t h e n   p u r g e d .  

Fo r   t h i s   r e a s o n ,   in  a  c o n v e n t i o n a l   a d d r e s s   t r a n s l a t i o n  

c o n t r o l   s y s t e m ,   as  shown  in  F i g .   1.  a  p a r t i a l   p u r g e  
m e t h o d   w h e r e i n   e a c h   e n t r y   in  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1  i s   s e a r c h e d   f o r   a  p h y s i c a l   a d d r e s s ,   i s   f r e q u e n t -  

ly   u s e d .   A c c o r d i n g   to   t h i s   m e t h o d ,   when  a  p h y s i c a l  

a d d r e s s   to   be  p u r g e d   i s   a p p l i e d   to   a  p u r g e   r e g i s t e r   7 ,  

t h e   a c c e s s   a d d r e s s   in  t he   e f f e c t i v e   a d d r e s s   r e g i s t e r   2 

i s   s e q u e n t i a l l y   i n c r e a s e d ,   an  e n t r y   in  t h e   a d d r e s s  

t r a n s l a t i o n   b u f f e r   1  i s   s e q u e n t i a l l y   r e a d ,   and  t h e  

p h y s i c a l   a d d r e s s   in  t h e   p u r g e   r e g i s t e r   7  i s   c o m p a r e d  

w i t h   t h e   p h y s i c a l   a d d r e s s   in  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1  a t   a  c o m p a r a t o r   8  f o r   t h e   p r i m a r y   b l o c k   21  a n d  

a t   a  c o m p a r a t o r   8'  f o r   t he   a l t e r n a t e   b l o c k   22.  I f  

c o i n c i d e n c e   i s   o b t a i n e d   a t   t he   c o m p a r a t o r s ,   t he   v a l i d  

f l a g   of  t h e   c o r r e s p o n d i n g   e n t r y   i s   made  i n v a l i d .  

When  p e r f o r m i n g   p a r t i a l   p u r g i n g ,   in  s u c h   a  c o n -  
v e n t i o n a l   a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m ,   s i n c e   t h e  



e n t i r e   c o n t e n t s   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  m u s t  

be  r e a d ,   t h e r e   i s   a  d e f e c t   in  t h a t   t h e   o r d i n a r y   c o m m a n d  

f e t c h   o p e r a n d   a c c e s s   c a n n o t   be  p e r f o r m e d   u s i n g   t h e  

a d d r e s s   t r a n s l a t i o n   b u f f e r   1  d u r i n g   t h e   t e r m   of  t h e  

p a r t i a l   p u r g i n g .  

W h i l e ,   even   when  t h e   c o i n c i d e n c e   i s   o b t a i n e d   a t   t h e  

c o m p a r a t o r   3  or  3 ' ,   t h e   s t o r e d   p h y s i c a l   a d d r e s s   s o m e t i m e s  

c a n n o t   be  r e f e r r e d .   N a m e l y ,   when  t h e   p h y s i c a l   a d d r e s s  

i s   i d e n t i c a l   w i t h   t h e   p h y s i c a l   a d d r e s s   s e t   in  t h e   p u r g e  

r e g i s t e r   7,  t h e   r e s u l t   i s   as  m e n t i o n e d   a b o v e ;   b e c a u s e ,  

in  t h i s   c a s e ,   t h e   r e m a i n i n g   p h y s i c a l   a d d r e s s e s   n o t   y e t  

p u r g e d   in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  s t i l l   e x i s t .  

Now,  a  f i r s t   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   2.  In  F i g .   2,  a n  

a d d r e s s   t r a n s l a t i o n   b u f f e r   1,  an  e f f e c t i v e   a d d r e s s  

r e g i s t e r   2,  c o m p a r a t o r s   3  and  3 ' ,   a  m u l t i p l e   v i r t u a l  

s t o r a g e   i d e n t i f i c a t i o n   r e g i s t e r   4,  a  r e a l   a d d r e s s  

r e g i s t e r   5,  a  r e g i s t r a t i o n   r e g i s t e r   6,  and  a  p u r g e  

r e g i s t e r   7  a r e   r e s p e c t i v e l y   t h e   same  as  t h a t   of  t h e  

c o n v e n t i o n a l   s y s t e m   in  F i g .   1.  T h e r e f o r e   t h e   s a m e  

e l e m e n t s   a r e   r e f e r r e d   by  t he   same  r e f e r e n c e   n u m b e r s  

h e r e i n a f t e r .  

The  a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   of  t h e   f i r s t  

e m b o d i m e n t   c o m p r i s e s ,   in  a d d i t i o n   to   t h e   a b o v e - m e n t i o n e d  

e l e m e n t s ,   a  f i r s t   c o m p a r a t o r   means   w h i c h   c o n s i s t s   of  a  

c o m p a r a t o r   9  f o r   t h e   p r i m a r y   b l o c k   21  and  a  c o m p a r a t o r  

9'  f o r   t h e   a l t e r n a t e   b l o c k   22  in  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1,  f o r   c o m p a r i n g   t h e   p h y s i c a l   a d d r e s s   s t o r e d   i n  

t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  w i t h   t h e   p h y s i c a l  

a d d r e s s   s e t   in  t h e   p u r g e   r e g i s t e r - 7 ,   a  memory  a r r a y   10  

f o r   s t o r i n g   t h e   c o p i e s   of  t he   v a l i d   f l a g s   (V)  and  t h e  

p h y s i c a l   a d d r e s s e s   (PHY  ADD)  in  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1,  a  s e c o n d   c o m p a r a t o r   means   w h i c h   c o n s i s t s   of  a  

c o m p a r a t o r   11  f o r   t h e   p r i m a r y   b l o c k   31  and  a  c o m p a r a t o r  
11'   f o r   t h e   a l t e r n a t e   b l o c k   32,  f o r   c o m p a r i n g   t h e  

p h y s i c a l   a d d r e s s e s   s t o r e d   in  t h e   memory  a r r a y   10  w i t h  

t h e   p h y s i c a l   a d d r e s s e s   s e t   in  t h e   p u r g e   r e g i s t e r   7,  a n d  



an  a c c e s s   a d d r e s s   r e g i s t e r   12  f o r   a c c e s s i n g   t h e   m e m o r y  

a r r a y   10.   The  memory  a r r a y   10  i s   c o n n e c t e d   to   t h e  

r e g i s t r a t i o n   r e g i s t e r   6 .  

The  o p e r a t i o n   of  t h e   s y s t e m   of  t he   f i r s t   e m b o d i m e n t  

i s   e x p l a i n e d   as  f o l l o w s .   For   t h e   o r d i n a r y   command  f e t c h  

or  o p e r a n d   a c c e s s ,   t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  i s  

c a r r i e d   o u t   by  s u p p l y i n g   a  p o r t i o n   of  a  l o g i c a l   a d d r e s s  

to  be  t r a n s l a t e d ,   i . e . ,   an  a c c e s s   a d d r e s s   f rom  t h e  

e f f e c t i v e   a d d r e s s   r e g i s t e r   2.  By  t h i s   a c c e s s ,   t h e   e n t i r e  

c o n t e n t s   of   t h e   e n t r y   i n c l u d e d   in  t h e   p r i m a r y   b l o c k   21  

and  t h e   a l t e r n a t e   b l o c k   22  a r e   r e a d   o u t .   M u l t i p l e  

v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n s   and  p o r t i o n s   of   t h e  

l o g i c a l   a d d r e s s e s   f rom  t h e   r e a d   o u t   e n t r y   a r e   c o m p a r e d  

w i t h   a  m u l t i p l e   v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   f rom  t h e  

m u l t i p l e   v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   r e g i s t e r   4  and  a  

p o r t i o n   of   t h e   l o g i c a l   a d d r e s s   f rom  the   e f f e c t i v e  

a d d r e s s   r e g i s t e r   2,  r e s p e c t i v e l y ,   u s i n g   t h e   c o m p a r a t o r s  
3  and  3 ' .   F u r t h e r ,   t h e   p h y s i c a l   a d d r e s s e s   of   t h e   r e a d  

o u t   e n t r y   a r e   c o m p a r e d   w i t h   t h e   p h y s i c a l   a d d r e s s   s e t   i n  

t h e   p u r g e   r e g i s t e r  7   u s i n g   t h e   c o m p a r a t o r s   9  and  9 ' .  

When  in   e i t h e r   c o m p a r a t o r   3  f o r   t h e   p r i m a r y   b l o c k  

21  or   c o m p a r a t o r   3'  f o r   t h e   a l t e r n a t e   b l o c k   22,   t h e  

c o i n c i d e n c e   i s   n o t   o b t a i n e d ,   t h e   a d d r e s s   t r a n s l a t i o n   i s  

p e r f o r m e d   by  an  a d d r e s s   t r a n s l a t i o n   means   ( n o t   s h o w n )  

u s i n g   an  a d d r e s s   t r a n s l a t i o n   t a b l e   s t o r e d   in  a  m a i n  

s t o r a g e   u n i t .   The  p h y s i c a l   a d d r e s s   t h u s   o b t a i n e d   i s   s e t  

in  t h e   r e g i s t r a t i o n   r e g i s t e r   6,  and  a  v a l i d   f l a g   (V),   a  

m u l t i p l e   v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   ( S I ) ,   a  l o g i c a l  

a d d r e s s   (LOG  ADD),  a  p h y s i c a l   a d d r e s s   (PHY  ADD),  and  a  

s t o r a g e   p r o t e c t i o n   key  (k)  a r e   t h e n   r e g i s t e r e d   in  t h e  

a d d r e s s   t r a n s l a t i o n   b u f f e r   1.  The  a d d r e s s   in  t h e  

a d d r e s s   t r a n s l a t i o n   b u f f e r   1,  w h e r e i n   t h e   a b o v e - m e n -  

t i o n e d   v a l i d   f l a g   and  t h e   l i k e   a r e   s t o r e d ,   i s   a l s o   s e t  

in  t h e   a c c e s s   a d d r e s s   r e g i s t e r   12.  C o p i e s   of  t h e   v a l i d  

f l a g   (V)  and  t h e   p h y s i c a l   a d d r e s s   (PHY ADD)  r e g i s t e r e d  
in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  a r e   s t o r e d   in  t h e  

a d d r e s s   of   t h e   memory  a r r a y   a c c e s s e d   f rom  t h e   a c c e s s  



a d d r e s s   r e g i s t e r   12.  T h e n ,   t he   a d d r e s s   f o r   t h e   n e x t  

command  f e t c h   or  o p e r a n d   a c c e s s   i s   a g a i n   s e t   in  t h e  

e f f e c t i v e   a d d r e s s   r e g i s t e r   2  and  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1  i s   a c c e s s e d .  

When  t h e   c o i n c i d e n c e   of  t he   c o m p a r i n g   i n p u t s   i s  

o b t a i n e d   a t   e i t h e r   c o m p a r a t o r   3  or  3 ' ,   i f   a t   l e a s t   o n e  

of  t h e   p h y s i c a l   a d d r e s s e s   f rom  t h e   r e a d   o u t   e n t r y  

c o i n c i d e   w i t h   t h e   p h y s i c a l   a d d r e s s   s e t   in  t h e   p u r g e  

r e g i s t e r   7  u s i n g   t h e   c o m p a r a t o r s   9  and  9 ' ,   t h e   p a r t i a l  

p u r g e   o p e r a t i o n   i s   n o t   c o m p l e t e d   and  t h e   p h y s i c a l  

a d d r e s s   to   be  p u r g e d   r e m a i n s   in  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1.  T h e r e f o r e ,   t h e   p h y s i c a l   a d d r e s s   c a n n o t   b e  

u s e d .   In  t h i s   c a s e ,   t h e   command  f e t c h   or  o p e r a n d   a c c e s s  

is   c o n t r o l l e d   to   i n h i b i t   t h e   t r a n s l a t i o n   t h e r e o f .   T h u s ,  

i f   t h e   c o i n c i d e n c e   a t   t h e   c o m p a r a t o r   9  or  9'  d o e s   n o t  

o c c u r ,   t h e   o r d i n a r y   a c c e s s   i s   a l l o w e d   to   u se   t h e   a d d r e s s  

t r a n s l a t i o n   b u f f e r   1  w i t h o u t   w a i t i n g   f o r   t h e   c o m p l e t i o n  

of  t h e   p a r t i a l   p u r g e .  
I f   t h e   c o i n c i d e n c e   a t   e i t h e r   c o m p a r a t o r   3  or  3 '  

d o e s   o c c u r ,   when  t h e   p h y s i c a l   a d d r e s s   of  t h e   r e a d   o u t  

e n t r y   i s   n o t   i d e n t i c a l   w i t h   t he   p h y s i c a l   a d d r e s s   s e t   i n  

t h e   p u r g e   r e g i s t e r   7  u s i n g   t h e   c o m p a r a t o r s   9  and  9 ' ,   t h e  

p h y s i c a l   a d d r e s s   of  t h e   r e a d   ou t   e n t r y   i s   s e n t   to  t h e  

r e a l   a d d r e s s   r e g i s t e r   5.  Then ,   t h e   p h y s i c a l   a d d r e s s   i s  

u s e d ,   f o r   e x a m p l e ,   as  an  a c c e s s   a d d r e s s   f o r   a  b u f f e r  

s t o r a g e   u n i t   or  a  ma in   s t o r a g e   u n i t .  

The  o p e r a t i o n   w h e r e   t h e   p a r t i a l   p u r g e   i s   p e r f o r m e d  

i s   e x p l a i n e d   b e l o w .   When  t he   p h y s i c a l   a d d r e s s   to   b e  

p u r g e d   is   s e t   in  t h e   p u r g e   r e g i s t e r   7,  t h e   a c c e s s  

a d d r e s s   in  t h e   a c c e s s   a d d r e s s   r e g i s t e r   12  i n c r e a s e s  

s e q u e n t i a l l y   and  t h e   e n t r y   of  t he   memory  a r r a y   10  i s  

a c c e s s e d   in  t u r n .   In  t h e   a c c e s s   of  e a c h   e n t r y ,   t h e  

p h y s i c a l   a d d r e s s   i s   c o m p a r e d   w i t h   t h e   p h y s i c a l   a d d r e s s  

in  t h e   p u r g e   r e g i s t e r   7  u s i n g   t he   c o m p a r a t o r s   11  and  1 1 ' .  

I f   t he   c o i n c i d e n c e   in  t h e   c o m p a r a t o r s   i s   o b t a i n e d ,   t h e  

a c c e s s e d   a d d r e s s   i s   a p p l i e d   a g a i n   to   t h e   a c c e s s   a d d r e s s  

r e g i s t e r   12  as  an  i n p u t .   S i m u l t a n e o u s l y ,   t h e   a c c e s s e d  



a d d r e s s   i s   a l s o   s e t   in  t h e   e f f e c t i v e   a d d r e s s   r e g i s t e r   2 .  

T h e n ,   t he   c o r r e s p o n d i n g   e n t r i e s   in  t h e   a d d r e s s   t r a n s -  

l a t i o n   b u f f e r   1  and  t h e   memory  a r r a y   10  a r e   a c c e s s e d   a n d  

t h e   v a l i d   f l a g s   of  t h e   e n t r i e s   a r e   made  i n v a l i d .   A f t e r  

a l l   t h e   e n t r i e s   o f   t h e   memory  a r r a y   10  a r e   s e a r c h e d   f o r  

by  t h e   i n d i c a t i o n   of   t h e   a c c e s s   a d d r e s s   r e g i s t e r   12,   t h e  

p a r t i a l   p u r g e   o p e r a t i o n   ends   and  t h e   p u r g e   r e g i s t e r   7 

b e c o m e s   e m p t y .  

As  e x p l a i n e d   a b o v e ,   t h e   p a r t i a l   p u r g e   i s   c a r r i e d  

o u t   by  u s i n g   t h e   memory   a r r a y   10,  t h e r e f o r e ,   f o r   t h e  

o r d i n a r y   command  f e t c h   or  o p e r a n d   a c c e s s ,   t he   a d d r e s s  

t r a n s l a t i o n   b u f f e r   1  can   o p e r a t e   s e p a r a t e l y   f rom  t h e  

p a r t i a l   p u r g e .   T h u s ,   t h e   c o n f i n e m e n t   f o r   t h e   o r d i n a r y  

a c c e s s   u s i n g   t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  by  t h e  

p a r t i a l   p u r g e   o p e r a t i o n   d o e s   n o t   o c c u r .   As  f a r   as  t h e  

c o i n c i d e n c e   in  t h e   c o m p a r a t o r   9  or  9'  i s   n o t   d e t e c t e d ,  

t h e   p h y s i c a l   a d d r e s s   f rom  a d d r e s s   t r a n s l a t i o n   b u f f e r   1 

can   be  a p p l i e d   e f f e c t i v e l y .  

F i g u r e   3  i s   a  b l o c k   c i r c u i t   d i a g r a m   of  an  a d d r e s s  

t r a n s l a t i o n   c o n t r o l   s y s t e m   a p p l i e d   in  a  v i r t u a l   m a c h i n e  

a c c o r d i n g   to   a  s e c o n d   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n -  

t i o n .   The  v i r t u a l   m a c h i n e   c o m p r i s e s   a  p l u r a l i t y   o f  

o p e r a t i n g   s y s t e m s   and  a  c o n t r o l   p r o g r a m   by  w h i c h   t h e s e  

o p e r a t i n g   s y s t e m s   o p e r a t e   s i m u l t a n e o u s l y   u s i n g   one  r e a l  

c o m p u t e r .   The  c o n t r o l   p r o g r a m   i s   a l l o c a t e d   in  t he   m a i n  

s t o r a g e   u n i t   by  a d d i n g   a  v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n  

(VI)  to   t h e   p l u r a l i t y   of  o p e r a t i n g   s y s t e m s .  

The  v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   i s   r e g i s t e r e d   i n  

t h e   e n t r y   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   I ,   t h e r e f o r e ,  

t h e   o n c e - r e g i s t e r e d   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   m u s t  

be  p a r t i a l l y   p u r g e d   i f   o p e r a t i o n   of  t h e   c o r r e s p o n d i n g  

v i r t u a l   m a c h i n e   i s   no  l o n g e r   n e e d e d   or  i f   t h e   v i r t u a l  

m a c h i n e   i d e n t i f i c a t i o n   i s   a l l o c a t e d   to   a n o t h e r   v i r t u a l  

m a c h i n e   due  to   t h e   c a p a c i t y   of  t h e   ma in   s t o r a g e   u n i t .  

In  t h i s   c a s e ,   as  f o r   t h e   f i r s t   e m b o d i m e n t ,   t h e   s y s t e m  

c o m p r i s e s   a  memory  a r r a y   and  p e r f o r m s   a  p a r t i a l   p u r g e  
u s i n g   t h e   memory  a r r a y .  



In  F i g .   3,  t h e   e l e m e n t s   h a v i n g   t h e   same  f u n c t i o n   a s  

t h o s e   in  F i g .   2  a r e   r e f e r r e d   to   by  t h e   same  r e f e r e n c e  

n u m e r a l s .   F u r t h e r ,   t h e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n  

(VI)  i s   r e g i s t e r e d   in  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1 ,  

w h i c h   i n c l u d e s   a  p r i m a r y   b l o c k   (PRIM)  23  and  an  a l t e r n a t e  

b l o c k   (ALT)  24.  S t o r e d   in  t h e   memory  a r r a y   10,  w h i c h  

i n c l u d e s   a  p r i m a r y   b l o c k   (PRIM)  33  and  an  a l t e r n a t e  

b l o c k   (ALT)  34,   a r e   t h e   c o p i e s   of  v a l i d   f l a g s   ( V ) ,  

v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n s   ( V I ) ,   and  p h y s i c a l  

a d d r e s s e s   (PHY  ADD)  in  t he   c o n t e n t s   of   t h e   a d d r e s s  

t r a n s l a t i o n   b u f f e r   1.  In  t h i s   e m b o d i m e n t ,   t h e   s y s t e m  
f u r t h e r   c o m p r i s e s   a  v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n  

r e g i s t e r   13,  a  p u r g e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n  

r e g i s t e r   14  to   s e t   a  v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   t o  

be  p a r t i a l l y   p u r g e d ,   a  f i r s t   c o m p a r a t o r   means   i n c l u d i n g  

c o m p a r a t o r s   15  and  1 5 ' ,   a  s e c o n d   c o m p a r a t o r   m e a n s  

i n c l u d i n g   c o m p a r a t o r s   16  and  1 6 ' ,   a  t h i r d   c o m p a r a t o r  

means   i n c l u d i n g   c o m p a r a t o r s   17  and  1 7 ' ,   and  a  f o u r t h  

c o m p a r a t o r   means   i n c l u d i n g   c o m p a r a t o r s   18  and  1 8 ' .   T h e  

v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   r e g i s t e r   13  i s   c o n n e c t e d  

to   t h e   memory  a r r a y   1 0 .  

In  t h e   c o m p a r a t o r s   3  and  3 ' ,   t h e   m u l t i p l e   v i r t u a l  

s t o r a g e   i d e n t i f i c a t i o n   ( S I ) ,   t h e   v i r t u a l   m a c h i n e   i d e n t i -  

f i c a t i o n   ( V I ) ,   and  t h e   l o g i c a l   a d d r e s s   (LOG  ADD)  in  e a c h  

e n t r y   of  t h e   a d d r e s s   t r a n s l a t i o n   b u f f e r   1  a r e   c o m p a r e d  

w i t h   t h e   m u l t i p l e   v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   f r o m  

t h e   m u l t i p l e   v i r t u a l   s t o r a g e   i d e n t i f i c a t i o n   r e g i s t e r   4 ,  

t h e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   f r o m   t h e   v i r t u a l  

m a c h i n e   i d e n t i f i c a t i o n   r e g i s t e r   13,   and  t h e   l o g i c a l  

a d d r e s s   f rom  t h e   e f f e c t i v e   a d d r e s s   r e g i s t e r   2,  r e s p e c -  

t i v e l y .  

In  t he   c o m p a r a t o r   15  and  1 5 ' ,   t h e   p h y s i c a l   a d d r e s s e s  

of  t h e   e n t r y   in  t h e  a d d r e s s   t r a n s l a t i o n   b u f f e r   1  a r e  

c o m p a r e d   w i t h   t h e   p h y s i c a l   a d d r e s s   f rom  t h e   p u r g e  
r e g i s t e r   7.  In  t h e   c o m p a r a t o r   17  and  1 7 ' ,   t h e   v i r t u a l  

m a c h i n e   i d e n t i f i c a t i o n s   f rom  t h e   a d d r e s s   t r a n s l a t i o n  

b u f f e r   1  a r e   c o m p a r e d   w i t h   t h e   c o n t e n t s   of  t h e   p u r g e  



v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   r e g i s t e r   14.  In  t h e  

c o m p a r a t o r s   16  and  1 6 ' ,   t h e   p h y s i c a l   a d d r e s s e s   f rom  t h e  

memory  a r r a y   10  a r e   c o m p a r e d   w i t h   t h e   p h y s i c a l   a d d r e s s  

f rom  t h e   p u r g e   r e g i s t e r   7.  In  t h e   c o m p a r a t o r s   18 

and  1 8 ' ,   t h e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n s   f rom  t h e  

memory   a r r a y   10  a r e   c o m p a r e d   w i t h   t h e   c o n t e n t s   of  t h e  

p u r g e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   r e g i s t e r   1 4 .  

The  o p e r a t i o n   of  t h i s   e m b o d i m e n t   i s   b a s i c a l l y   t h e  

same  as  t h a t   of   t h e   e m b o d i m e n t   of  F i g .   2.  The  p a r t i a l  

p u r g e   can  be  c a r r i e d   o u t   w i t h   r e f e r e n c e   to   t h e   v i r t u a l  

m a c h i n e   i d e n t i f i c a t i o n .  

In  a d d i t i o n ,   t h e   r e f e r e n c e   l e t t e r s   i n d i c a t i n g   i n p u t  

u n i t s   a r e   as  f o l l o w s :   ATC  ( a d d r e s s   t r a n s l a t i o n   c i r c u i t ) ,  

CC  (command  c o n t r o l   u n i t ) ,   and  SC  ( s t o r a g e   c o n t r o l  

u n i t ) .   The  o u t p u t   of   t h e   r e a l   a d d r e s s   r e g i s t e r   5  i s  

a p p l i e d   t o   t h e   m a i n   s t o r a g e   u n i t   as   an  a c c e s s   a d d r e s s .  

The  o u t p u t   of  t h e   c o m p a r a t o r s   i s   u s e d   as  a  c o n t r o l  

s i g n a l   t o   c o n t r o l   t h e   s y s t e m   as  m e n t i o n e d   a b o v e .  



1.  An  a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   c o m -  

p r i s i n g   an  a d d r e s s   t r a n s l a t i o n   b u f f e r   h a v i n g   a  p l u r a l i t y  

of  e n t r i e s   e a c h   i n c l u d i n g   a t   l e a s t   a  v a l i d   f l a g ,   a  

l o g i c a l   a d d r e s s   f i e l d ,   and  a  p h y s i c a l   a d d r e s s   f i e l d ;   a 

memory  a r r a y   h a v i n g   c o p i e s   of  a t   l e a s t   s a i d   v a l i d   f l a g  

and  s a i d   p h y s i c a l   a d d r e s s   f i e l d   in  t h e   c o n t e n t s   of  s a i d  

a d d r e s s   t r a n s l a t i o n   b u f f e r ;   a  p u r g e   r e g i s t e r   f o r   s t o r i n g  

i n f o r m a t i o n   s h o w i n g   a  p o r t i o n   of  t h e   c o n t e n t s   of  s a i d  

a d d r e s s   t r a n s l a t i o n   b u f f e r   to   p a r t i a l l y   p u r g e   s a i d  

a d d r e s s   t r a n s l a t i o n   b u f f e r ;   a  f i r s t   c o m p a r a t o r   means   f o r  

c o m p a r i n g   t h e   p o r t i o n   of  t h e   c o n t e n t s   of  s a i d   a d d r e s s  

t r a n s l a t i o n   b u f f e r   w i t h   t h e   c o n t e n t s   of  s a i d   p u r g e  

r e g i s t e r ;   and  a  s e c o n d   c o m p a r a t o r   means   f o r   c o m p a r i n g  

t h e   p o r t i o n   of  t h e   c o n t e n t s   of   s a i d   memory  a r r a y   w i t h  

t h e   c o n t e n t s   of  s a i d   p u r g e   r e g i s t e r ;  

when  t h e   two  a p p l i e d   c o n t e n t s   do  n o t  

c o i n c i d e   a t   s a i d   f i r s t   c o m p a r a t o r   m e a n s ,   t h e   c o r r e -  

s p o n d i n g   p h y s i c a l   a d d r e s s   r e a d   o u t   f rom  s a i d   a d d r e s s  

t r a n s l a t i o n   b u f f e r   b e i n g   u t i l i z e d ;   and  when  t h e   e n t r y   o f  

s a i d   memory  a r r a y   i s   a c c e s s e d   in  t u r n   and  t h e   t w o  

a p p l i e d   c o n t e n t s   c o i n c i d e   in  s a i d   s e c o n d   c o m p a r a t o r  

m e a n s ,   t h e   p a r t i a l   p u r g e   b e i n g   p e r f o r m e d   by  i n v a l i d a t i n g  

s a i d   v a l i d   f l a g s   of  t h e   c o r r e s p o n d i n g   e n t r i e s   of  s a i d  

a d d r e s s   t r a n s l a t i o n   b u f f e r   and  s a i d   memory  a r r a y .  
2.  An  a d d r e s s   t r a n s l a t i o n   c o n t r o l   s y s t e m   c o m -  

p r i s i n g   an  a d d r e s s   t r a n s l a t i o n   b u f f e r   h a v i n g   a  p l u r a l i t y  

of   e n t r i e s   e a c h   i n c l u d i n g   a t   l e a s t   a  v a l i d   f l a g ,   a  

l o g i c a l   a d d r e s s   f i e l d ,   a  p h y s i c a l   a d d r e s s   f i e l d ,   and  a  
v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   f i e l d ;   a  memory  a r r a y  

h a v i n g   c o p i e s   of  a t   l e a s t   s a i d   v a l i d   f l a g ,   s a i d   p h y s i c a l  

a d d r e s s   f i e l d ,   and  s a i d   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n  

f i e l d   in  t h e   c o n t e n t s   of  s a i d   a d d r e s s   t r a n s l a t i o n  

b u f f e r ;   a  p u r g e   r e g i s t e r   f o r   s t o r i n g   i n f o r m a t i o n   s h o w i n g  

a  p o r t i o n   of  t h e   c o n t e n t s   of  s a i d   a d d r e s s   t r a n s l a t i o n  

b u f f e r   to   p a r t i a l l y   p u r g e   s a i d   a d d r e s s   t r a n s l a t i o n  

b u f f e r ;   a  f i r s t   c o m p a r a t o r   means   f o r   c o m p a r i n g   t h e  



p a r t i a l   c o n t e n t s   in  s a i d   a d d r e s s   t r a n s l a t i o n   b u f f e r   w i t h  

t h e   c o n t e n t s   of  s a i d   p u r g e   r e g i s t e r ;   a  s e c o n d   c o m p a r a t o r  

m e a n s   f o r   c o m p a r i n g   t h e   p a r t i a l   c o n t e n t s   in  s a i d   m e m o r y  

a r r a y   w i t h   s a i d   p u r g e   r e g i s t e r ;   a  p u r g e   v i r t u a l   m a c h i n e  

i d e n t i f i c a t i o n   r e g i s t e r   f o r   s t o r i n g   a  v i r t u a l   m a c h i n e  

i d e n t i f i c a t i o n   to   be  p u r g e d ;   a  t h i r d   c o m p a r a t o r   m e a n s  

f o r   c o m p a r i n g   t h e   c o n t e n t s   of  s a i d   v i r t u a l   m a c h i n e  

i d e n t i f i c a t i o n   f i e l d   in   s a i d   a d d r e s s   t r a n s l a t i o n   b u f f e r  

w i t h   t h e   c o n t e n t s   of   s a i d   p u r g e   v i r t u a l   m a c h i n e   i d e n t i f i -  

c a t i o n   r e g i s t e r ;   and  a  f o u r t h   c o m p a r a t o r   means   f o r  

c o m p a r i n g   t h e   c o n t e n t s   of  s a i d   v i r t u a l   m a c h i n e   i d e n t i f i -  

c a t i o n   f i e l d   in  s a i d   memory  a r r a y   w i t h   t h e   c o n t e n t s   o f  

s a i d   p u r g e   v i r t u a l   m a c h i n e   i d e n t i f i c a t i o n   r e g i s t e r ;  

when  t h e   c o i n c i d e n c e   in   s a i d   f i r s t  

c o m p a r a t o r   m e a n s   or   t h e   c o i n c i d e n c e   in   s a i d   t h i r d  

c o m p a r a t o r   d o e s   n o t   o c c u r ,   t h e   c o r r e s p o n d i n g   p h y s i c a l  

a d d r e s s   r e a d   o u t   f r o m   s a i d   a d d r e s s   t r a n s l a t i o n   b u f f e r  

b e i n g   u t i l i z e d ;   and  when  t h e   e n t r y   of  s a i d   memory  a r r a y  
i s   a c c e s s e d   in   t u r n   and   t h e   c o i n c i d e n c e   in   s a i d   s e c o n d  

c o m p a r a t o r   m e a n s   o r   t h e   c o i n c i d e n c e   in   s a i d   f o u r t h  

c o m p a r a t o r   m e a n s   o c c u r s ,   t h e   p a r t i a l   p u r g e   b e i n g   p e r -  
f o r m e d   by  i n v a l i d a t i n g   s a i d   v a l i d   f l a g s   of   t he   c o r r e -  

s p o n d i n g   e n t r y   of   s a i d   a d d r e s s   t r a n s l a t i o n   b u f f e r   a n d  

s a i d   memory  a r r a y .  
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